Progress in the development of a new low-frequency quantum-based AC Power Standard at the National Research Council of Canada (NRC) is described in the paper. The power standard is based on programmable Josephson voltage standard (PJVS) for providing AC voltage with quantum accuracy, and includes electronic signal generators and amplifiers, inductive voltage dividers (IVDs) and current transformers (CTs) for scaling output signals to low levels. Differential digital sampling is used for comparison of low-level output signal replicas with the PJVS output.
Introduction
Josephson junction arrays have been used for highaccuracy AC voltage generation and measurement in the last two decades [1] - [3] . Programmable Josephson Voltage Standards (PJVS) have been recently applied to development of low-frequency AC power standards with quantum accuracy [4] - [6] .
An AC power standard performing a continuous calibration of the digital sampling system in every cycle of the measured signals was developed at PTB. A recently developed 10 V Josephson Waveform Synthesizer (JWS) has been incorporated into the PTB primary standard for AC electrical power [4] . The 10 V SINIS binary arrays are used for in-situ calibration of the digital sampling voltmeter (DVM), with corrections applied over short time intervals.
NIST implemented a quantum-based system for electrical power with a 1.2 V SNS ternary-array PJVS generator [5] . The PJVS is combined with differential digital sampling [6] for reducing the uncertainties created by the PJVS voltage step transitions. The system uses a multichannel DSPbased generator of spectrally pure waveforms, and a voltage amplifier with permuting-resistance dividers.
The development of a quantum-based AC power standard at the National Research Council of Canada has also started [7] , in order to improve the uncertainty and achieving direct traceability to a quantum standard. This paper describes the progress towards the NRC quantum-based AC power standard.
Design Details
A block diagram of the NRC PJVS-based AC power standard is shown in Fig.1 . A high-stability oscillator OSC provides reference frequency for the PJVS step voltages, and a signal source SG generating lowdistortion waveforms. The waveforms are low-level signals with known amplitudes and phase angles relative to each other. They are driving voltage and transconductance amplifiers, and providing corrections for the composite voltage amplifier A v consisting of two inverting amplifiers with a gain of -10, connected in series. The A v 120 V output is compared with the PJVS 1.2 V output by means of two inductive voltage dividers (IVDs) of the ratio 10:-1, each connected across one voltage amplifier. The two IVDs are of two-stage design for power frequencies. They support two different voltages, one IVD supports 13.2 V and the other supports 132 V.
The output current of 5 A or of 1 A is scaled down in ratio 500:1 or 100:1, and then converted into voltage by two current transformers CT1 and CT2, and a reference resistor R R of 120 based on principles described in [8] .
A precision relay switch Sw and high accuracy digital samplers DVM in the differential sampling mode [6] are used for comparisons between the PJVS output The performance of the current transformer CT1, 5 A (1 A)/10 mA, is critical for the I/V converter. At a burden R b as large as 120 , the CT1 two-stage design is ineffective. However, when CT2 and RC network provide optimum operating conditions, CT1 errors drop to only a fraction of 1 A/A, as shown in Table I . A specially compensated 120 foil-resistor with the temperature coefficient below 1 /( ·K) is used as the reference resistor.
Additional results regarding the performance of the system will be available at the conference.
